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(57) ABSTRACT

A cleaning system for a combine harvester includes a sieve
for capturing grain, and a magnetic propulsion system
configured to move the sieve 1n a reciprocating motion with
respect to a stationary housing of the combine harvester. The
magnetic propulsion system includes a magnet that moves as

the sieve moves and a plurality of electromagnets arranged
along a path of movement of the magnet during a throw
stroke and a return stroke of the sieve. During the throw
stroke, the plurality of electromagnets may be one of
attracted to and repulsed by the magnet. During the return
stroke, the plurality of electromagnets may be another of
attracted to and repulsed by the magnet. The magnet may
move along an arc, and the plurality of magnet may be
arranged along an arc adjacent to the magnet.

23 Claims, 9 Drawing Sheets
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CLEANING SYSTEM FOR A COMBINE
HARVESTER INCLUDING
ELECTROMAGNETICALLY DRIVEN SIEVES

FIELD OF THE INVENTION

The mvention relates to a cleaning system of a combine
harvester. The cleaning system may be operated by magnetic
force.

BACKGROUND OF THE INVENTION

A combine harvester has a cleaning system for separating
harvested seeds from by-products that are harvested along
with said seeds.

Combine harvesters are widely used in the harvesting of
various types of grain, corn and other crops of which the
seed 1s harvested. Typically, a combine harvester cuts the
plants that contain the seeds to be harvested from the field.
The harvested crop 1s threshed 1nside the combine harvester,
in which process the seeds are separated from the other parts
of the plants. The stalks of the harvested plants are removed
from the combine harvester and a mixture of harvested seeds
and by-products remains in the combine harvester. These
by-products (e.g. chall) are generally smaller than the stalks
that are removed from the combine harvester.

The mixture of harvested seeds and by-products 1s trans-
ported to a cleaning system, 1n which the threshed seeds are
separated from the by-products. The cleaning system gen-
crally comprises one or more sieves, which perform a
reciprocating movement during use. The sieved seeds are
then collected and transported to the grain tank of the
combine harvester, which 1s generally emptied periodically.

The sieve or sieves of the cleaning system are generally
arranged at an angle relative to the horizontal, with the front
end of the sieve lower than the rear end of the sieve. The
reciprocating movement of the sieve causes the seeds and
by-products to be thrown upwards and backwards by the
s1eve.

It 1s known to arrange the sieves on rocker arms and to
drive the sieves simultaneously 1n a reciprocation motion via
an eccentric device 1n combination with a pitman arm. The
eccentric device may comprise a crank or an eccentric disc
that 1s driven by an mput drive.

The reciprocation sieve movement comprises a throw
stroke and a return stroke. During the throw stroke, the sieve
throws the harvested seeds and by-products upward from the
sieve. During the return stroke, the sieve moves back from
the end position of the throw stroke to the beginning position
of the throw stroke. The harvested seeds and by-products are
airborne during most of the return stroke of the sieve. The
fan blows the airborne lighter weight by-products towards
the rear of the combine. The harvested seeds and remaining,
by-products fall back onto sieve during the last part of the
decelerating portion of the return stroke.

Relevant examples of cleaning systems are described in
U.S. Patent Application Publication Nos. 2016/0029562 and
2015/0296°712, each of which 1s incorporated by reference
herein 1n its entirety for all purposes. The location of a
cleaning system i a combine 1s shown in U.S. Patent
Application Publication No. 2015/02967712.

It would be desirable to reduce the number of components
of the cleaning system including the input drive, the eccen-
tric device and the pitman arm in the interests of reducing,
cost and simplitying assembly. It would also be desirable to
move the sieves independently in an effort to (1) tailor the
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shaking motion of the individual sieves for specific crops, as
well as (11) minimize vibration experienced 1n the station of
the combine.

SUMMARY OF THE INVENTION

An embodiment includes a cleaning system for a combine

harvester including a sieve for capturing grain, and a mag-
netic propulsion system configured to move the sieve 1n a
reciprocating motion with respect to a stationary housing of
the combine harvester.

An embodiment includes the magnetic propulsion system
in combination with a side-shaking control system {for
moving the sieve 1n a side to side direction that 1s orthogonal
to the fore to aft and vertical directions.

An embodiment includes magnetic propulsion system 1n
combination with the side-shaking control system. The
magnetic propulsion system comprises (1) a magnetic mate-
rial, and (11) at least one electromagnet that 1s capable of
either attracting or repelling the magnetic material. The
magnetic maternal 1s fixedly mounted to one of the sieve and
the stationary housing, and the at least one electromagnet 1s
fixed to the other of the stationary housing and the sieve,
such that either magnetic attraction or magnetic repulsion
causes the sieve to move with respect to the stationary
housing.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s an 1sometric view ol a magnetically operated
cleaning system for a combine harvester, as viewed from the
front and left sides of the system, according to a first
exemplary embodiment of the mvention.

FIG. 2 1s a left side elevation view of the cleaning system
of FIG. 1 showing additional details of the magnetic system.

FIGS. 3A-3C depict progressive motion of the cleaning
system of FIG. 1.

FIG. 4 1s a left side elevation view of another magneti-
cally operated cleaning system, like the system of FIGS. 1
and 2, according to a second exemplary embodiment of the
invention.

FIG. 5 15 a left side elevation view of yet another
magnetically operated cleaning system, like the system of
FIGS. 1 and 2, according to a third exemplary embodiment
of the mvention.

FIG. 6 1s an 1sometric view of a partial cleaning system
comprising the cleaning system of FIGS. 1 and 2 and a side
shaking control system.

FIG. 7 depicts an alternative side shaking control system,
shown schematically, for the partial cleaning system of FIG.
6.

FIG. 8A depicts the magnetic propulsion system, shown
schematically, for the cleaning system of FIG. 1 that 1s
capable of moving the sieves 1n the fore-aft and vertical
directions.

FIG. 8B depicts an alternative magnetic propulsion sys-
tem, shown schematically, for the cleaning system of FIG. 1

that 1s capable of moving the sieves 1n the fore-aft, vertical
and side to side directions.

DETAILED DESCRIPTION

A 4 4 A Y 4

The terms “grain,” “seeds,” “straw,” and “tailings” may
be used principally throughout this specification for conve-
nience but it 1s to be understood that these terms are not
intended to be limiting. Thus “grain” or “seeds” refers to that
part of the crop material which is threshed and separated
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from the discardable part of the crop material, which 1is
referred to as non-grain crop material, material other than
grain (MOG) or straw. Incompletely threshed crop material
1s referred to as “tailings.”

Also the terms “forward,” “rearward,” “left,” and “right”,

when used 1n connection with the agricultural harvester (e.g.
combine) and/or components thereof are usually determined
with reference to the direction of forward operative travel of
the combine, but again, they should not be construed as
limiting. The terms “longitudinal” and “transverse” are
determined with reference to the fore-and-att direction of the
agricultural combine and are equally not to be construed as
limiting.

Referring now to the details of the invention, FIG. 1
depicts an 1sometric view of a magnetically operated clean-
ing system 100 (system 100, hereinafter) for a combine
harvester, according to a first exemplary embodiment of the
invention.

The system 100 1s mounted between opposing stationary
walls 102 and 104 of the combine. Portions of the walls 102

and 104 are shown in FI1G. 1. The walls 102 and 104 may not
necessary be flat. Items 102 and 104 may alternatively
symbolize fixed mounting points on the combine.

The system 100 includes an upper relatively coarse sieve
106 that 1s positioned above a lower relatively fine sieve
108. The basic frame structure of the sieves 106 and 108 are
shown 1n FIG. 1 and other figures. Various features of the
sieves 106 and 108 are omitted from the drawings in order
to permit depiction of other features of the system 100.

One rocker arm 1104 1s mounted to the forward right-side
corner of the sieve 106, and another rocker arm 11054 1s
mounted to the forward left-side corner of the sieve 106. The
free ends 111 (FIG. 2) of the rockers arms 110aq and 11056
may be connected by a bar (not shown). The rocker arms
110a and 1105 may be substantially identical. The rocker
arm 110a 1s rotatably mounted to the wall 102 by fastener
1124a. Similarly, the rocker arm 1105 1s rotatably mounted to
the wall 104 by fastener 1125. The fasteners 112a and 1125
are positioned through holes formed 1n the central portion of
the arms 110a and 1105, respectively. The rocker arms 1104
and 1105 are capable of pivoting about their fasteners 112a
and 112b, respectively. The lower ends of the rocker arms
110a and 1105 are fixedly mounted to the right and left sides
of the upper sieve 106 by fasteners 114a and 1145, respec-
tively. The lower ends of the rocker arms 110aq and 11056 may
not pivot or move with respect to the upper sieve 106.

A magnet 133 1s mounted to the fastener 1145, and the
purpose ol the magnet 133 will be described with reference
to FIGS. 3A-3C. A magnet 133 may also be mounted to the
other fastener 114a, 1in the same manner as fastener 11454.

A hanger arm 118a 1s mounted to the rearward right-side
corner of the sieve 106, and another hanger arm 1185 1is
mounted to the rearward left-side comer of the sieve 106.
The hanger arms 118a and 1185 may be substantially
identical. The hanger arm 118a 1s rotatably mounted to the
wall 102 by fastener 120a. Similarly, the hanger arm 1185 1s
rotatably mounted to the wall 104 by fastener 12056. The
fasteners 120aq¢ and 1206 are positioned through holes
formed 1n the top end of the arms 118a and 1185, respec-
tively. The hanger arms 1184 and 1186 are capable of
pivoting about their fasteners 120a and 1205, respectively.
The lower ends of the hanger arms 1184 and 1185 are fixedly
mounted to the right and lett sides of the upper sieve 106 by
tasteners 121a and 1215, respectively. The arms 1184 and
1185 are capable of pivoting with respect to the upper sieve
106 and the housing walls 102 and 104.
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One hanger arm 124a (not shown) 1s mounted to the
forward right-side corner of the lower sieve 108, and another
hanger arm 12456 1s mounted to the forward left-side corner
of the sieve 108. The hanger arms 124aq and 1245 may be
substantially identical. The hanger arm 124a 1s rotatably
mounted to the wall 102 by fastener 126a (not shown).
Similarly, the hanger arm 1245 is rotatably mounted to the
wall 104 by fastener 1265. The fasteners 126a and 1265 are
positioned through holes formed 1n the top end of the arms
124a and 124b, respectively. The arms 124a and 1245 are
capable of pivoting about their fasteners 126a and 1265,
respectively. The lower ends of the arms 124a and 1245H are
mounted to the right and left sides of the lower sieve 108 by
fasteners 128a and 1285, respectively. The arms 124a and
1245 are capable of pivoting with respect to the lower sieve
108 and the housing walls 102 and 104.

Linkages 129a and 1295 transier motion of the upper
sieve 106 to the lower sieve 108. Although only the linkage
1295 will be described hereinatter, it should be understood
that the linkage 129q 1s substantially i1dentical.

A first end 131 of a connecting link 13056 of the linkage
1295 1s pivotally connected to the arm 1185 and the upper
sieve 106 by the fastener 1205. The connecting link 1305
can pivot with respect to the upper sieve 106. A second
opposing end 1335 of the connecting link 1305 1s pivotally
connected to the top end of a rocker arm 1345 of the linkage
12956 by a fastener 1375. The rocker arm 1345 can pivot with
respect to the connecting link 13056 about the fastener 1375.
The center of the rocker arm 1345 1s pivotally connected to
a Tastener 1395, such that the rocker arm 1345 1s configured
to rotate about the fastener 1395. The fastener 1395 1s also
connected to a bracket 14156 that 1s connected to the wall
104, such that the rocker arm 1345 1s directly and pivotably
connected to the wall 104. The bottom end of the rocker arm
13456 1s pivotally connected to the lower sieve 108 by a
tastener 136b. The rocker arm 1345 can pivot with respect
to the lower sieve 108.

A linkage 129a (a portion of which 1s shown) on the right
side of the assembly 100, which comprises a connecting link
130a (not shown) and rocker arm 134a, transiers motion of
the upper sieve 106 to the lower sieve 108. Although not
shown, the connecting link 130a and rocker arm 134a
interconnect the rear right side of the upper sieve 106 to the
rear right side of the lower sieve 108 1n the same manner as
that of the linkage 1295. The linkage 129a works together
with the linkage 1296 1n a simultaneous fashion to transier
motion of the upper sieve 106 to the lower sieve 108 so that
the sieves 106 and 108 move together.

FIG. 2 depicts the magnetic propulsion system for moving,
the cleaning system 100 with respect to the housing 102/104
of the combine. The magnetic propulsion system generally
includes a magnet 133 that 1s configured to interact with a
series of electromagnets 135.

The magnet 133 1s fixedly mounted to the end of the arm
1105 adjacent to the fastener 1145. Alternatively, the magnet
133 may be mounted directly to the fastener 1145. The
magnet 133 may be a permanent magnet, an electromagnet,
or a material that 1s capable of being magnetized, such as a
ferromagnetic material, by way of example. The magnet 133
may be referred to herein more generally as a magnetic
material.

A plurality of electromagnets 135A-135G (either collec-
tively or individually referred to as electromagnet(s) 135)
are mounted to the wall 104 of the combine at a stationary
location adjacent to the magnet 133. Alternatively, the
clectromagnets 135 may be mounted to any other point on
the combine that 1s both adjacent to the magnet 133 and
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stationary relative to the sieves. The electromagnets 135 are
arranged side by side along a semi-circular path, as shown.
Alternatively, the path of the electromagnets 135 may take
any other desired shape. Although the electromagnets 135
are shown encircling the magnet 133, the magnet 133 may
be positioned adjacent the outer circumierence of the elec-
tromagnets 133.

The electromagnets 135 are connected to and controlled
by a controller 138 of the combine. The electromagnets 135
may be activated and deactivated on an individual basis by
the controller 138. The magnet 133 and the electromagnets
135 work together to move the sieve 108 along a trajectory
in a reciprocating fashion. The trajectory i1s defined at least
in part by the path formed by the electromagnets 135 and the
pivot point 112a and 1125 of the rocker arms 110aq and 1105,
respectively. The trajectory extends in both the fore-aft
directions (see horizontal arrow) as well as the vertical
direction (see vertical arrow). According to this embodi-
ment, the sieve 106 moves along with the sieve 108 by virtue
of the linkages 1294 and 1295b.

The magnet 133 and the electromagnets 135 are located
on the left side of the system 100. Although not shown, the
magnet 133 and the electromagnets 135 may additionally be
located on the right side of the system 100. More particu-
larly, the arm 110a may include a second magnet 133 and a
second plurality of electromagnets 135 may be mounted to
the housing wall 102.

FIGS. 3A-3C depict operation of the cleaning system 100.
In the forward position of the system 100 shown 1n FIG. 3 A,
the magnet 133 1s positioned near the electromagnet 135A
(which 1s activated) while the remaining electromagnets 135
are deactivated. Attraction between the magnet 133 and the
clectromagnet 135A may hold the entire cleaning system
100 in place. Alternatively, a spring or other device may hold
the cleaning system 100 1n the forward position.

Starting from the forward position of FIG. 3A, the con-
troller 138 deactivates the electromagnet 135A and activates
the electromagnet 135B which causes the magnet 133 and
the arm 11056 to move toward the electromagnet 135B. The
controller 138 then deactivates the electromagnet 135B and
activates the electromagnet 135C which causes the magnet
133 and the arm 1105 to move toward the electromagnet
135C. The controller 138 then deactivates the electromagnet
135C and activates the electromagnet 135D which causes
the magnet 133 and the arm 1106 to move toward the
clectromagnet 135D. This process continues until the mag-
net 133 reaches the electromagnet 135G. Movement of the
magnet 133 from the electromagnet 135A to the electro-
magnet 135G constitutes the throw stroke of the cleaming
system 100. Electromagnet 135A constitutes the beginning
of the throw stroke, whereas the electromagnet 135G con-
stitutes the end of the throw stroke. The magnet 133 may be
caused to move by either attraction or repulsion to the
clectromagnets 135.

The sequence of the throw stroke 1s depicted 1n FIG. 3A
to FIG. 3C. During the throw stroke, as the magnet 133
moves from electromagnet 135A to electromagnet 135G, the
upper sieve 106 moves toward the back of the combine
harvester (1.e., 1n a direction opposite to the normal driving
direction of the combine harvester) and rotates 1 a coun-
terclockwise direction (as viewed in those figures) about
pivot points 112a and 1125. The lower sieve 108 moves
toward the front of the combine harvester and rotates in a

clockwise direction about pivot points 1266 and 1396 by
virtue of the linkages 129q and 1295.
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Once the sieves 106 and 108 reach the end of the throw
stroke, the sieves 106 and 108 are then moved through the
return stroke, as will be described hereinatter.

Starting from the rearward position of FIG. 3C, the
controller 138 deactivates the electromagnet 135G and acti-
vates the electromagnet 135F which causes the magnet 133
and the arm 1105 to move toward the electromagnet 135F.
The controller 138 then deactivates the electromagnet 135F
and activates the electromagnet 135E which causes the
magnet 133 and the arm 1106 to move toward the electro-
magnet 135E. The controller 138 then deactivates the elec-
tromagnet 135E and activates the electromagnet 135D
which causes the magnet 133 and the arm 11056 to move
toward the electromagnet 135D. This process continues until
the magnet 133 returns to the electromagnet 135A. Move-
ment of the magnet 133 from the electromagnet 135G to the
clectromagnet 135A constitutes the return stroke of the
cleaning system 100. FElectromagnet 135G constitutes the
beginning of the return stroke, whereas electromagnet 135A
constitutes the end of the return stroke.

The magnet 133 may be caused to move by either
attraction or repulsion to the electromagnets 135, as noted
above. According to one example, 1f the magnet 133 1is
caused to move by repulsion from the electromagnets 135 1n
the throw stroke, then the polarity of the electromagnets 135
may be switched for the return stroke to cause the magnet
133 to move by attraction to the activated electromagnets
135 1n the return stroke. Alternatively, 11 the magnet 133 1s
caused to move by attraction to the electromagnets 135 1n
the throw stroke, then the polarity of the electromagnets 135
may be switched for the return stroke to cause the magnet
133 to move by repulsion from the activated electromagnets
135 1n the return stroke.

The sequence of the return stroke 1s depicted in FIG. 3C
to FIG. 3A. As the magnet 133 moves from electromagnet
135G to electromagnet 135A, the upper sieve 106 moves
toward the front of the combine harvester and rotates in a
clockwise direction (as viewed 1n those figures), whereas the
lower sieve 108 moves toward the rear of the combine
harvester and rotates 1n a counterclockwise direction.

Referring now to the overall operation of the combine,
crop material falls from the threshing system of the combine
onto the coarse upper sieve 106. Seeds such as grain or comn
pass through the coarse sieve 106 and fall onto the fine lower
sieve 108. During the throw stroke for each sieve, the sieve
throws the harvested seeds and by-products upward. The
sieves 106 and 108 may operate 1n opposite strokes direc-
tions (e.g., when one sieve 1s moving in the throw stroke, the
other sieve 1s moving in the return stroke). The throw stroke
comprises an accelerating portion and a decelerating por-
tion. The accelerating portion 1s the first half of the throw
stroke (from electromagnet 135A to electromagnet 135D)
and the decelerating portion 1s the second halt of the throw
stroke (from electromagnet 135E to electromagnet 135G).
The harvested seeds and by-products generally leave the
surface of the sieves at or close to the end of the accelerating
portion of the throw stroke.

During the return stroke, the sieve moves back from the
end position of the throw stroke to the beginming position of
the throw stroke. Generally, the sieve moves towards the
front of the combine harvester during the return stroke, 1n
the direction of the normal driving direction of the combine
harvester. The harvested seeds and by-products generally are
airborne during most of the return stroke of the sieve. The
fan blows the airborne lighter weight by-products towards
the rear of the combine. The harvested seeds and by-
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products fall back onto sieve during the last part of the
decelerating portion of the return stroke.

The sieves 106 and 108 separate the seed from the
remaining by-products of other material, such as pod frag-
ments and the like. The seed 1s collected below the sieve 108
where an auger (not shown) 1s provided that conveys the
clean seeds to an elevator (not shown), which 1n turn
conveys the clean seeds upwardly to a gramn tank (not
shown).

Operation of the electromagnets 135 1s controlled by the
controller 138. Both the speed and stroke length of the sieves
106 and 108 may be either inputted or selected by a user of
the system 100. The controller 138 1s capable of adjusting
the stroke length of the sieves 106 and 108 by activating a
subset of the electromagnets 135 (e.g., electromagnets 135A
to 135E) thereby limiting the range of rotation of the magnet
133. The controller 138 1s capable of adjusting the recipro-
cating speed of the sieves 106 and 108 by either changing
the speed at which adjacent electromagnets 1335 are activated
and deactivated and/or changing the electromagnetic force
of the electromagnets 135. During the accelerating portion
of a stroke, the controller 138 may increase the speed at
which adjacent electromagnets 135 are activated and deac-
tivated, and during a decelerating portion of a stroke, the
controller 138 may decrease the speed at which adjacent
clectromagnets 135 are activated and deactivated.

It 1s to be understood that the above-described operating
steps are performed by the controller 138 upon loading and
executing software code or instructions which are tangibly
stored on a tangible computer readable medium 140, such as
on a magnetic medium, e.g., a computer hard drive, an
optical medium, e.g., an optical disc, solid-state memory,
¢.g., flash memory, or other storage media known 1n the art.
Thus, any of the functionality performed by the controller
138 described herein, such as the atorementioned method of
operation, 1s 1implemented in software code or instructions
which are tangibly stored on the tangible computer readable
medium 140. Upon loading and executing such software
code or mstructions by the controller 138, the controller 138
may perform any of the functionality of the controller 138
described herein, including any steps of the aforementioned
method described herein.

The term “software code” or “code” used herein refers to
any 1nstructions or set of instructions that influence the
operation ol a computer or controller. They may exist in a
computer-executable form, such as machine code, which 1s
the set ol instructions and data directly executed by a
computer’s central processing unit or by a controller, a
human-understandable form, such as source code, which
may be compiled 1n order to be executed by a computer’s
central processing unit or by a controller, or an intermediate
form, such as object code, which 1s produced by a compiler.
As used . “software code” or “code” also

herein, the term
includes any human-understandable computer instructions
or set of instructions, e.g., a script, that may be executed on
the fly with the aid of an interpreter executed by a comput-
er’s central processing unit or by a controller.

FIG. 4 1s a left side elevation view of another magneti-
cally operated cleaning system 400, like the system 100 of
FIGS. 1 and 2, according to a second exemplary embodi-
ment of the invention. The system 400 1s substantially
similar to the system 100 and the primary differences
between those systems will be described hereinatter. Unless
otherwise mentioned, the features and operation of the
system 400 are the same as that of the system 100.

In lieu of a side-by-side stack of electromagnets, the
system 400 includes two electromagnets 404 and 406. The
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clectromagnet 404 1s positioned at the forward end of the
system 400 and the electromagnet 406 1s positioned rear-
wardly of the electromagnet 404. The magnet 402 positioned
at the end of the arm 1105 1s configured to be either repelled
or attracted by the electromagnets 404 and 406.

Starting from the forward position of the magnet 402 in
which the magnet 402 1s positioned against the electromag-
net 404, in the course of the throw stroke, the electromagnet
404 1s operated to repel the magnet 402 and the electromag-
net 406 1s operated to attract the magnet 402. This effect
causes the magnet 402 to move from the electromagnet 404
to the electromagnet 406 in the course of the throw stroke.
Alternatively, the electromagnet 404 may be deactivated
while the electromagnet 406 1s operated to attract the magnet
402. The sieves 106 and 108 move 1n the throw stroke as
described above with reference to system 100.

Starting from the rearward position of the magnet 402 in
which the magnet 402 1s positioned against the electromag-
net 406, 1n the course of the return stroke, the electromagnet
406 1s operated to repel the magnet 402 and the electromag-
net 404 1s operated to attract the magnet 402. This effect
causes the magnet 402 to move from the electromagnet 406
back to the electromagnet 404 1n the course of the return
stroke. Alternatively, the electromagnet 406 may be deacti-
vated while the electromagnet 404 1s operated to attract the
magnet 402. The sieves 106 and 108 move 1n the return
stroke as described above with reference to system 100.

FIG. 5 1s a left side elevation view of another magneti-
cally operated cleaning system 500, like the system 100 of
FIGS. 1 and 2, according to a third exemplary embodiment
of the invention. The system 3500 1s substantially similar to
the system 100 and the primary differences between those

systems will be described hereinafter. Unless otherwise
mentioned, the features and operation of the system 500 are
the same as that of the system 100.

Unlike the system 100, the system 500 does not include
any linkages 129aq and 1295, and a separate magnetic
propulsion system 1s coupled to the lower sieve 108. The
upper sieve 106 1s powered by the magnet 133 and the
clectromagnets 135 (like the system 100), however, the
lower sieve 108 1s powered by a separate and independent
magnetic propulsion system.

In lieu of the linkages 1294 and 1295, the rearward end of
the lower sieve 108 1s supported by hanger arms 502 (one
shown). Each arm 502 1s coupled to a fixed point (or housing
wall 102/104) on the combine by a fastener 504. The arms
502 are configured to pivot about their fasteners 504.

The separate magnetic propulsion system comprises a
magnet 506 that 1s coupled the end of the arm 502 that 1s
connected to the sieve 108, and a plurality of electromagnets
508. The electromagnets 308 are also controlled by a con-
troller 510. The controllers 138 and 510 may be combined
into a single controller unit, 1f so desired. Interaction
between the magnet 506 and the electromagnets 508 1s the
same as described with reference to the magnet 133 and the
clectromagnets 135.

By assigning an independent magnetic propulsion system
to each sieve 106 and 108, it 1s possible to individually
control the movement of each sieve 106 and 108. This can
be useful for minimizing vibrations that are experienced in
the station of the combine. This can also be useful for
individually adjusting the reciprocating speed and/or stroke
lengths of the sieves 106 and 108 to conform to specific crop
processing requirements. For example, sieve 106 can be
moved at one speed and sieve 108 can be moved at a
different speed.
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FIG. 6 1s an 1sometric view of a partial cleaning system
600 comprising the cleaning system 100 (only the upper
sieve 106 1s shown) of FIGS. 1 and 2 1n combination with
a side shaking control system 602.

The side shaking control system 602 comprises an actua-
tor 604 that 1s configured to move the sieves 1n a side-to-side
motion (see arrows 1n FI1G. 6) when the combine experiences
a change 1n inclination (e.g., when operating on a hillside or
uneven terrain). One end 606 of the actuator 604 1s fixed to
the combine chassis (such as wall 104) and the other end of
the actuator 604 1s fixed to the side wall of the upper sieve
106. The fasteners 112a, 11256, 120a, 1205, 126a and 1265

of the cleaning system are positioned through bearings, and
those bearings are configured to permit side to side motion
of the cleaning system 600.

The actuator 604 1s operated under the control of the
controller 138 or a separate controller. In operation, a sensor
(not shown) communicates the inclination of the combine to
the controller 138, and the controller 138 adjusts the actuator
604 based upon the sensed inclination, which moves the
sieve 106 to prevent the seeds from collecting on the lower
clevation side of the sieve 106.

Although the actuator 604 shown in the exemplary
embodiment described above 1s a linear actuator, an exem-
plary actuation device may, for example, include an electric
actuator, a hydraulic actuator, a pneumatic actuator and a
motor.

The side-to-side motion mmparted by the side shaking
control system 602 causes seeds and byproducts in the
sieves 1o resist their natural tendency to migrate to the lower
side of the sieves, and remain more evenly distributed across
the width of the sieves. Side shaking control systems are
known 1n the art, and are not described further herein.
Further details of side shaking control systems are disclosed
in U.S. Pat. No. 8,939,829, which 1s incorporated by refer-
ence 1n 1its entirety.

FIG. 7 depicts an alternative side shaking control system
702, which 1s shown schematically, for the partial cleaning
system 600 of FIG. 6. According to this exemplary embodi-
ment, like the control system 602 of FIG. 6, the shaking
control system 702 1s configured to move the sieves 1n a
side-to-side motion (see arrows 1n FIG. 7) when the combine
experiences a change in inclination.

The side shaking control system 702 comprises an arm
704 rigidly extending from the side wall of the upper sieve
106, a magnet 706 fixed to the free end of the arm 704, and
a series of electromagnets 708 (five shown) that are arranged
side-by-side and extend from a fixed point on the combine
housing (such as the wall 104). The electromagnets 708 may
be supported on a beam or post 710 that 1s fixedly mounted
to the wall 104. The electromagnets 708 are controlled by a
controller 712. The magnet 706 interacts with the electro-
magnets 708 1n the same way that the magnet 133 interacts
with the electromagnets 135 of the system 100, with the
exception that interaction between the magnet 706 and the
clectromagnets 708 controls the side-to-side motion (see
arrows 1n FIG. 7) of the upper sieve 106 and the lower sieve
108. Alternatively, the shaking control system 702 may only
control the side-to-side motion of the upper sieve 106.

It should be understood that the configuration of the
magnet 706 and the electromagnets 708 may vary from that
which 1s shown and described. For example, the electro-
magnets 708 may be arranged along a curve as opposed to
the straight line arrangement shown i FIG. 7. Also, the
clectromagnets 708 may be positioned at an elevation above
the magnet 706.
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In operation, the controller 712 selectively activates one
(or more) of the electromagnets 708 to draw the magnet 706
toward the activated electromagnet 708. The sieve 106 (and,
optionally, the sieve 108) moves along with the magnet 706
because the magnet 706 1s fixedly mounted to the sieve 106.
The magnet 706 1s shown 1n a home position in FIG. 7. The
magnet 706 may be moved from the home position to either
the left or the right, depending upon the particular electro-
magnet 708 that 1s activated by the controller 712, thereby
resulting 1n side-to-side motion of the sieve 106. It should be
understood that the magnet 706 1s capable of moving with
respect to the electromagnets 708. It should also be under-
stood that the system 702 replaces the system 602 of the
partial cleaning system 600 of FIG. 6.

FIG. 8A depicts a top plan view of the magnetic propul-
sion system of FIG. 2 for the cleaning system 100, 1n which
the magnetic propulsion system 1s shown schematically. In
FIG. 8A 1t 1s seen that the magnet 133 follows the linear
track of electromagnets 135 in the fore-ait and vertical
directions (see arrows), as was described previously. FIG.
8A 1s provided for comparison purposes with FIG. 8B.

FIG. 8B depicts a top plan view of another magnetic
propulsion system 802 for the cleaning system 100. The
magnetic propulsion system 802 differs from the magnetic
propulsion system of FIG. 8A 1n that the magnetic propul-
sion system 802 1s also configured to move the sieve 106
from side to side. In other words, the magnetic propulsion
system 802 1s configured to translate the sieve 106 (and other
components mounted to the sieve 106, such as the sieve 108)
in the fore-aft-vertical direction and the transverse side to
side direction.

In FIG. 8B 1t 1s seen that the magnet 133 can follow one
of three electromagnets tracks 806, 808 and 810. Each track
806, 808 and 810 comprises a series of electromagnets 812
arranged side-by-side. Depending upon the inclination (or
lack thereot) of the combine sensed by a sensor (not shown),
the controller activates the electromagnets of one of the
tracks 806, 808 and 810 to cause the magnet 133 to follow
one of those tracks.

More particularly, the magnet 133 follows the linear track
806 when no inclination 1s sensed. When the magnet 133
tollows the linear track 806 (as shown), the magnet 133 (and
the sieve(s) connected thereto) moves 1n the fore-aft and
vertical direction like that shown 1n FIG. 8A. The magnet
133 (and the sieve(s) connected thereto) does not move side
to side when travelling along the track 806.

When the magnet 133 follows the linear track 808 (as

shown), the magnet 133 (and the sieve(s) connected thereto)
move 1n the fore-aft and vertical direction like that shown 1n
FIG. 8A, as well as to the night. This causes the material on
the sieve 106 to move to the lett. The magnet 133 follows the
linear track 808 when inclination 1 a first direction 1is
sensed.

When the magnet 133 follows the linear track 810 (as
shown), the magnet 133 (and the sieve(s) connected thereto)
move 1n the fore-ait and vertical direction like that shown 1n
FIG. 8A, as well as to the left. This causes the material on
the sieve 106 to move to the right. The magnet 133 follows
the linear track 808 when inclination 1 a second opposite

direction 1s sensed.
The number and shape of the tracks 806, 808 and 810 may

vary.

It should be understood that 1n a cleaning system 100 that
comprises the magnetic propulsion system 802, the side
shaking control systems 602 and 702 may be omitted.

Although the mvention 1s illustrated and described herein
with reference to specific embodiments, the invention 1s not
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intended to be limited to the details shown. Rather various
modifications may be made in the details within the scope
and range ol equivalence of the claims and without depart-
ing from the imvention.

What 1s claimed 1s:

1. A cleaning system for a combine harvester, said clean-
Ing system comprising:

a sieve for capturing grain; and

a magnetic propulsion system configured to move the

siegve 1n a reciprocating motion with respect to a

stationary housing of the combine harvester, the mag-

netic propulsion system comprising;

a magnetic material disposed to move along a path; and

a plurality of electromagnets for attracting or repelling
the magnetic matenal, the plurality of electromag-
nets disposed along the path of the magnetic mate-
rial.

2. The cleaning system of claim 1, wherein the magnetic
maternial 1s either a magnet or a ferromagnetic matenal.

3. The cleaning system of claim 1, wherein the magnetic
material 1s fixedly mounted to the sieve, and the plurality of
clectromagnets 1s mounted to the stationary housing, such
that either magnetic attraction or magnetic repulsion causes
the sieve to move with respect to the stationary housing.

4. The cleaming system of claim 3, wherein the plurality
of electromagnets 1s arranged side-by-side along the path of
the magnetic.

5. The cleaming system of claim 3, wherein the plurality
of electromagnets comprises two electromagnets, and the
magnetic material 1s positioned between the two electro-
magnets.

6. The cleaning system of claim 4, wherein the plurality
ol electromagnets 1s further arranged along an arc.

7. The cleaning system of claim 1 further comprising a
controller configured to control the magnetic propulsion
system for moving the sieve 1n the reciprocating motion with
respect to the stationary housing of the combine harvester.

8. The cleaning system of claim 1 further comprising a
second sieve that 1s connected to said sieve by one or more
links, wherein the one or more links are configured to
transier motion of said sieve to said second sieve.

9. The cleaning system of claim 1 further comprising a
second sieve and a second magnetic propulsion system
configured to move the second sieve 1 a reciprocating
motion with respect to the stationary housing of the combine
harvester.

10. The cleaning system of claim 1, wherein the magnetic
propulsion system 1s configured to move the sieve 1n fore-
to-alt and vertical directions, and the cleaning system further
comprises a side-shaking control system for moving the
sieve 1n a side-to-side direction that 1s orthogonal to the fore
to aft fore-to-aft and vertical directions.

11. The cleaning system of claim 10, wherein the side-
shaking control system comprises a linear actuator that 1s
connected between the sieve and the stationary housing.

12. The cleaning system of claim 10, wherein the side-
shaking control system comprises the magnetic propulsion
system.

13. The cleaning system of claim 10, wherein the side-
shaking control system comprises a second magnetic pro-
pulsion system, and the second magnetic propulsion system
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comprises (1) a magnetic material, and (1) at least one
clectromagnet that 1s capable of either attracting or repelling
the magnetic material.

14. A cleaning system for a combine harvester, said
cleaning system comprising:

a sieve for capturing grain;

a magnetic propulsion system configured to move the
sieve 1n a reciprocating motion in fore-to-aift and ver-
tical directions with respect to a stationary housing of
the combine harvester, the magnetic propulsion system
comprising:

a magnetic material disposed to move along a path; and

a plurality of electromagnets for attracting or repelling
the magnetic material, the plurality of electromag-
nets disposed along the path of the magnetic mate-
rial; and

a side-shaking control system for moving the sieve 1n a
side-to-side direction that 1s orthogonal to the fore-to-
aft and vertical directions.

15. The cleaning system of claim 14, wherein the side-
shaking control system comprises a linear actuator that 1s
connected between the sieve and the stationary housing.

16. The cleaning system of claim 14, wherein the side-
shaking control system comprises the magnetic propulsion

system.

17. The cleaning system of claim 14, wherein the side-
shaking control system comprises a second magnetic pro-
pulsion system, and the second magnetic propulsion system
comprises (1) a magnetic material, and (1) at least one
clectromagnet that 1s capable of either attracting or repelling
the magnetic material.

18. The cleaning system of claim 14, wherein the plurality
of electromagnets 1s arranged side-by-side along the path of
the magnetic material.

19. The cleaning system of claim 18, wherein the plurality
ol electromagnets 1s further arranged along an arc.

20. A cleaning system for a combine harvester, said
cleaning system comprising:

a sieve for capturing grain; and

a magnetic propulsion system configured to move the

sieve 1n a reciprocating motion 1n fore-to-aft and ver-

tical directions with respect to a stationary housing of

the combine harvester, the magnetic propulsion system

comprising:

a magnetic material fixedly mounted to one of the sieve
and the stationary housing; and

a plurality of electromagnets athixed to the other of the
sieve and the stationary housing, the plurality of
clectromagnets for attracting or repelling the mag-
netic material to cause the sieve to move with respect
to the stationary housing, the plurality of electro-
magnets disposed along a path along which the
magnetic material or the plurality of electromagnets
moves.

21. The cleaning system of claim 20 further comprising a
side-shaking control system for moving the sieve 1 a
side-to-side direction that 1s orthogonal to the fore-to-ait and
vertical directions.

22. The cleaning system of claim 20, wherein the plurality
of electromagnets 1s arranged side-by-side along the path.

23. The cleaning system of claim 22, wherein the plurality
of electromagnets 1s further arranged along an arc.
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